Most studies of diabetic polyneuropathy (DPN) and painful DPN are conducted in persons with longstanding diabetes. This crosssectional study aimed to estimate the prevalence of DPN and painful DPN, important risk factors, and the association with mental health in recently diagnosed type 2 diabetes. A total of 5514 (82%) patients (median diabetes duration 4.6 years) enrolled in the Danish Centre for Strategic Research in Type 2 Diabetes cohort responded to a detailed questionnaire on neuropathy and pain. A score $4 on the MNSI questionnaire determined possible DPN, whereas pain presence in both feet together with a score $3 on the DN4 questionnaire determined possible painful DPN. The prevalence of possible DPN and possible painful DPN was 18% and 10%, respectively. Female sex, age, diabetes duration, body mass index, and smoking were associated with possible DPN, whereas only smoking showed a clear association with possible painful DPN (odds ratio 1.52 [95% confidence interval: 1.20-1.93]). Possible DPN and painful DPN were independently and additively associated with lower quality of life, poorer sleep, and symptoms of depression and anxiety. Possible DPN itself had greater impact on mental health than neuropathic pain. This large study emphasizes the importance of careful screening for DPN and pain early in the course of type 2 diabetes.
Introduction
Diabetic polyneuropathy (DPN) is a serious diabetes complication. Previous studies have reported a wide range of prevalence from 26% to 50% for DPN, 1, 25, 37, 38, 44 and between 8% and 30% for painful DPN. 1, 3, 7, 12, 13, 37, 43 This variation may be explained by different assessment methods and definitions of DPN, and differentially selected study populations. 28, 31, 34, 40, 42 Most studies have examined patients with long duration of diabetes, ie, 8 to 17 years, 3, 7, 13, 30, 31, 35, 37, 38, 44 whereas little is known about the prevalence of DPN and painful DPN in recently diagnosed diabetes.
Accumulating evidence suggest that not only hyperglycemia, but also factors, such as increasing diabetes duration, type 2 vs type 1 diabetes, obesity, smoking, and female sex, 2, 3, 7, 11, 13, 23, 30, 31, 35, 37, 38, 44 may be linked to DPN and painful DPN, which particularly may be true in type 2 diabetes. However, existing studies are old, 44 based on mixed population (eg, nondiabetes, type 1 diabetes, and type 2 diabetes 3, 7, 12, 13, 38, 44 ) include patients with longstanding diabetes, 3, 7, 13, 30, 35, 37, 38, 44 are of smaller size, 3, 7, 12, 30, 35 or only investigate painful DPN. 1, 3, 12 Less evidence on factors associated with DPN and painful DPN in recently diagnosed type 2 diabetes patients is available from large-scale studies.
In patients with diabetes, chronic neuropathic pain has been related to decreased quality of life (QoL), poor sleep, and symptoms of anxiety and depression. 4, 7, 11, 13, 18, 19, 21, 35, 38, 41 By contrast, the impact of DPN itself-regardless of pain-on QoL and mental health comorbidities is uncertain in type 2 diabetes. A study suggested that having DPN without painful symptoms had no effect on mental health-related measures, 38 whereas other studies found depression to be more common both among patients with diabetes with painless and painful DPN. 4, 11 To fill these knowledge gaps, we conducted a questionnaire survey on neuropathy and pain in the large Danish Centre for Strategic Research in Type 2 Diabetes (DD2) cohort that enrolls patients with recently diagnosed type 2 diabetes throughout Denmark. The aims of this article are (1) to explore the prevalence of possible DPN and painful DPN in recently diagnosed type 2 diabetes patients, (2) to investigate patient characteristics and lifestyle factors associated with possible DPN and painful DPN, and (3) to examine the impact of possible DPN and painful DPN on mental health in recently diagnosed type 2 diabetes.
Methods

Setting and patients
This study is based on the 7011 patients with type 2 diabetes consecutively enrolled in the DD2 cohort by February 2016. Detailed information on the logistics and characteristics of this cohort has previously been reported. 10, 26 In brief, the DD2 cohort began enrolment in November 2010, and the project is ongoing. Enrolment of newly or recently diagnosed (median diabetes duration at time of enrolment 1. 3 year, interquartile range [IQR] 0.3-2.9 years) type 2 diabetes patients takes place at the general practitioner's office and outpatient hospital clinics (Departments of Endocrinology) in Denmark. During the DD2 enrolment period, all patients have been diagnosed with diabetes according to the WHO criteria. 10 
Questionnaire
By June 7, 2016, a detailed questionnaire consisting of 41 questions was sent out to all patients alive and living in Denmark with a known address enrolled into DD2 (N 5 6726) ( Fig. 1) . A complete version of the questionnaire is available in the supplementary digital content (supplementary Table 1 as supplemental digital content at http://links.lww.com/PAIN/ A903). In September 2016 and again in October 2016, a reminder was sent to those who had not provided a response. All patients were sent a paper version and a link to an electronic version allowing them to answer in their preferred way. All patients were asked to return a blank questionnaire including a note of the reason if they did not want to participate in the questionnaire survey. A subsample of the cohort was invited for a detailed clinical examination, and these results will be presented in a separate publication.
Patient characteristics
Patient demographics included in the questionnaire were age, sex, height, and weight. Lifestyle factors included smoking habits, alcohol consumption (.7/14 units of alcohol [women/ men], which is the maximum safe amount recommended by the Danish Health Authority), and questions on physical activity level.
Diabetic polyneuropathy
There is no gold standard for identifying polyneuropathy for epidemiological research purposes, but the Michigan Neuropathy Screening Instrument questionnaire part (MNSIq) 15 is a commonly used symptom-based screening tool for identifying DPN. 2, 8, 43 We used the MNSIq and the validated cutoff of $4/13 abnormal responses to define possible DPN. 15, 33 This cutoff had a sensitivity of 40% and a specificity of 92% for detecting confirmed clinical neuropathy in a selected group of patients with longstanding type 1 diabetes. 24 Questions on gait instability and falls, as well as frequency and severity of falls, were also included in the questionnaire.
Painful diabetic polyneuropathy and other pain
The questionnaire contained questions on general pain (any constant or recurrent pain and location of pain) and pain in both feet. Patients reporting pain in both feet were given more detailed questions about the pain. They filled out the 7-item Douleur Neuropathique en 4 Questions (DN4) that is a screening tool for neuropathic pain and with a high performance in DPN. 32, 35 The DN4 questionnaire comprises 7 "yes" or "no" items related to pain quality; 4 sensory descriptors (tingling, pins and needles, numbness, and itching) and 3 pain descriptors (burning, painful cold, and electric shock sensation). Only patients with pain in the feet completed the DN4, and it was specified that it concerned characteristics of the pain in their feet (Supplementary table 1, available as supplemental digital content at http://links.lww.com/PAIN/ A903). A DN4 score of $3/7 has a sensitivity and specificity of 84% for identifying clinically confirmed painful DPN. 32 Patients with pain in both feet and a DN4 score $3 were considered to have possible painful DPN 6, 17, 32, 35 regardless of MNSIq score ( Fig. 2) . Our neuropathic pain definition was in accordance with the consensus statement (NeuroPPIC) from the Neuropathic Special Interest Group (NeuPSIG) of the International Association for the Study of Pain (IASP) for the basic "entry level" to identify possible neuropathic pain in questionnaire studies. 39 We included additional questions on pain quality, use of pain medications, and pain duration and pain intensity within the previous 24 hours and 7 days at the time of evaluation were recorded. For the latter, we used a numeric rating scale (NRS) ranging from 0 to 10, with 0 denoting no pain and 10 the worst possible pain. We used the Patient-Reported Outcome Measurement Information System (PROMIS) short form v1.0-Pain Interference 4a to assess pain interference with daily activities, household, and social activities within the previous 7 days. 22 
Mental health
The patients rated their QoL in the previous 7 days using an NRS ranging from 0 to 10, with 10 being the best QoL possible and 0 the worst. 20 Sleep disturbance and symptoms of depression and anxiety were assessed using the PROMIS Short Forms 4a. The instruments grade symptoms experienced during the previous 7 days with a frequency or severity grading of symptoms from "never" to "always" or from "bad" to "very good" with 5 options. The scores are converted into PROMIS T-scores, which are standardized relative to an American/US reference population and are used to categorize the level of impairment/symptoms (normal, mild, moderate, and severe). 22, 29 
Ethical considerations
All DD2 patients volunteered to participate in the DD2 study and gave written informed consent. The Danish National Committee on Health Research Ethics (record number S-20100082) has approved the DD2 project. The Danish Data Protection Agency (record number 2008-58-0035) has approved the DD2 project, and the study is registered at Aarhus University internal notification no. 62908-250.
Statistical analyses
Mean values (6SD) were used to describe normally distributed data, and medians (IQR) to describe non-normally distributed variables. Information on both DPN (defined based on MNSIq) and painful DPN (defined based on DN4 and pain location in both feet) status was available for a subpopulation of 5249 patients. Combination of MNSIq-defined possible DPN and DN4-defined possible painful DPN status yielded 4 distinct groups (Fig. 2) for which descriptive data were provided. Finally, descriptive data on age, sex, and diabetes duration were provided for responders and nonresponders.
We calculated the prevalence of DPN and painful DPN with 95% confidence intervals (CIs) using the exact method for binomial distributions.
We used multivariable linear (age, body mass index [BMI], diabetes duration, and height) and logistic (sex, smoking status [ever (former 1 current) vs never], and alcohol consumption) regressions and modeled each patient characteristic as a function of possible DPN and possible painful DPN and an interaction term of DPN and painful DPN, while controlling for age, sex, and diabetes duration. If no significant interaction was observed between DPN and painful DPN, each regression was rerun without the interaction term. The significance level was chosen at ,0.05. The cross-sectional study design facilitates an investigation of associations, not of temporal relationships. Therefore, possible DPN and possible painful DPN could be included as the independent variables enabling us to include both DPN and painful DPN simultaneously in the multivariable regression models used to examine associations with patient characteristics. This approach allowed us (1) to investigate the association of the evaluated patient characteristics and possible DPN defined by DN4 and pain in both feet separately from the association with possible DPN defined by MNSIq, and (2) to handle the fact that some patients had possible painful DPN but had an MNSIq score ,4 ( Fig. 2) , including the evaluation of possible interaction between possible DPN defined by MNSIq and possible painful DPN defined by DN4.
To evaluate the impact of DPN and painful DPN on mental health, we used the same approach as described above, a multivariable linear regression to model QoL and T-scores for sleep, depression, and anxiety as functions of DPN and painful DPN and adjusted for age, sex, diabetes duration, and BMI (model 1). To control for possible confounding by pain other than neuropathic pain in the feet, the regressions were rerun including a variable of the number of pain locations other than extremities (model 2). Because obesity is strongly associated with mental health outcomes, we adjusted for BMI. However, the direction of the association of BMI-mental health could be bidirectional, and thus, we performed a sensitivity analysis in which we left out BMI in the regressions. All regressions were first run including an interaction term between DPN and painful DPN, and if no interaction was observed, the regressions were rerun without the interaction term. We used a Wald test to compare the sizes of the associations of DPN and painful DPN with mental health outcomes in the regression models without interaction term.
Finally, the correlation between mental health and pain intensity in the feet was estimated using Spearman's rho.
There were few missing data, and all analyses were performed as complete case analyses.
Data were analyzed using STATA version 14.
Results
Patient population
As seen in Figure 1 , the number of patients responding to the questionnaire was 5755 (85.6% 
Prevalence
Of the 5359 patients with valid answers on the MNSIq, 962 had a score $4, suggesting a prevalence of possible DPN of 18.0% (95% CI: 16.9%-19.0%) ( Fig. 1; supplementary Table 3 , available as supplemental digital content at http://links.lww.com/PAIN/A903).
Of the 5372 patients with valid data to assess painful DPN, 536 reported pain in both feet and had a DN4 score $3, corresponding to a prevalence of possible painful DPN of 10.0% (95% CI 9.2%-10.8%) ( Fig. 1; supplementary Table 3 , available as supplemental digital content at http://links.lww.com/ PAIN/A903). Of those with painful DPN, 130 (28.0%) did not fulfill the MNSIq criteria for DPN ( Table 2) .
Prevalence was stable across questionnaire intervals (supplementary Table 4 , available as supplemental digital content at http://links.lww.com/PAIN/A903).
Pain: painful diabetic polyneuropathy
As shown in Table 3 , more than 80% of the patients with painful DPN had pain in the feet for more than 1 year. Pain often interfered with daily activities, including household chores and social activities (79.2%), and 60.1% reported concomitant drug treatment for their pain. The average (6SD) pain intensity in the feet was 5.3 (2.1) the last 7 days on an NRS (0-10), and 76.2% had moderate to severe pain intensity (NRS $4). The most common pain description from the DN4 Table 2 Characteristics of the 5249 patients with information on status of both possible DPN (defined by MNSIq) and possible painful DPN (defined by DN4 and pain location in both feet).
Variables
MNSIq <4 was burning pain (71.8%), 36.4% reported cold pain, and 38.2% had electric shock like pain (data not shown). There was a negative correlation between reported QoL and the intensity of pain (Spearman's rho 20.24, P , 001) and a positive but weak correlation between reported symptoms of anxiety, depression, and poor sleep and pain in the feet within the last 7 days (Spearman's rho 0.25, 0.23, and 0.26, P , 0.001) (data not shown). The small group of patients with painful DPN that did not fulfill the MNSIq criteria for DPN (N 5 130) did not differ from those with painful DPN fulfilling the MNSIq criteria (N 5 386) regarding age, sex, duration of diabetes, and use of pain medications ( Table 2) . However, they reported lower mean (6SD) pain intensity (average 7 days: 4.3 [2.1] vs 5.6 [2.1] [data not shown]). The most common pain descriptors on the MNSIq were prickling feeling, burning pain, and leg pain in both groups (supplementary Fig. 1A , available as supplemental digital content at http://links.lww.com/PAIN/A903).
Pain: pain other than painful diabetic polyneuropathy
A higher proportion of patients with possible DPN and possible painful DPN had complaints of pain in various body sites compared to those with no DPN ( Table 2 ). The proportion of patients reporting pain at 2 or more locations other than the extremities was 24.5% in those without DPN, 55.4% in those with painful DPN not fulfilling the MNSIq criteria for DPN, 52.7% in those with DPN not fulfilling the criteria for painful DPN, and 67.6% in those with painful DPN fulfilling the MNSIq criteria for DPN ( Table 2) .
Association between diabetic polyneuropathy and painful diabetic polyneuropathy and patient characteristics
We found no statistically significant interaction between possible DPN defined by MNSIq and possible painful DPN defined by DN4 and pain in both feet, suggesting that the estimates of association between possible DPN and patient characteristics were independent of the presence of possible painful DPN, and vice versa.
After correction for age, sex, diabetes duration, and painful DPN, DPN was statistically significantly associated with younger age, longer duration of diabetes, higher BMI, female sex, and presence of ever tobacco smoking ( Table 4 ). Associations were generally weaker for painful DPN except for ever tobacco smoking that was statistically significant associated with painful DPN (odds ratio: 1.52 [1.20-1.93]) ( Table 4 ).
Association between diabetic polyneuropathy, painful diabetic polyneuropathy, and mental health
Again, we found no statistically significant interaction between possible DPN defined by MNSIq and possible painful DPN defined by DN4 and pain in both feet, suggesting that the estimates of association between possible DPN and mental health outcomes were independent of the estimates of association of possible painful DPN, and vice versa.
Both Table 5 ).
Leaving BMI out of the models resulted in slightly higher DPN and painful DPN estimates for all mental health outcomes, thus not changing any conclusions (supplementary Table 6 , available as supplemental digital content at http://links.lww.com/PAIN/ A903).
Discussion
In this large study of a nationwide cohort with recently diagnosed type 2 diabetes patients, the prevalence of possible DPN was 18% and the prevalence of possible painful DPN was 10%. We found an association between possible DPN and female sex, smoking, longer diabetes duration, lower age, and higher BMI, whereas most relations were weaker for possible painful DPN that was only statistically significant associated with smoking. By contrast, both possible DPN and painful DPN were independently and additively associated with decreased QoL and increased symptoms of depression, anxiety, and poor sleep. Moreover, possible DPN had greater impact on mental health than possible neuropathic pain. This is the largest questionnaire study to date that examines the prevalence and clinical characteristics of possible DPN and painful DPN in a cohort of recently diagnosed type 2 diabetes patients using validated screening tools. The prevalence of DPN Table 3 Pain-related characteristics among the 536 patients with possible painful DPN (defined by DN4 and pain location in both feet). (18%) and painful DPN (10%) found in this study are similar to the prevalence reported in 2 survey studies using the MNSIq for the diagnosis of DPN and the MNSIq in combination with brief pain inventory (BPI) to diagnose painful DPN. 2, 43 In the ADDITION Denmark cohort study consisting of 1445 screenings-detected type 2 diabetes patients, the prevalence of DPN at time of diabetes diagnosis was of 13.1%, 2 whereas in a French nationwide cohort study consisting of 1023 patients with type 1 and 2 diabetes with a mean duration of diabetes of 15 years, the prevalence of painful DPN was 8% using a MNSIq cutoff of 7 as compared to 4 in our study. 43 In a large UK study of patients with diabetes in a community health care setting, the duration of diabetes was similar to our study (median 5 years), but the prevalence estimate of painful DPN was twice as high or 21%. 1 This difference may be related to painful DPN being defined based on a clinical evaluation in the UK study. Other studies of more longstanding diabetes have likewise reported higher prevalence of both DPN and painful DPN than our study. 1, 3, 25, 31, 37, 38 These differences may be partly explained by the longer diabetes duration, but also by the different diagnostic criteria used for DPN and painful DPN. Thus, our use of questionnaire-based tools to determine DPN and painful DPN in the absence of clinical examination and confirmatory tests reduces the level of certainty of the DPN diagnoses. 14, 17, 33 Moreover, the sensitivity of an MNSIq score $4 was 40% compared with clinically defined DPN in a study of younger patients with longstanding type 1 diabetes, and thus, we likely also underestimate DPN prevalence in our cohort. Our associations of female sex, smoking, higher BMI, and longer duration of diabetes with DPN in recently diagnosed type 2 diabetes corroborate previous studies of patients with longstanding diabetes. 23, 27, 44 However, in contrast to some previous studies, we only observed an association of painful DPN with smoking status and not with, eg, sex, age, and BMI. 1, 23, 31, 38 An explanation may be our analytical approach which-in comparison with most previous studies-allowed us to disentangle the effect of the risk factor on pain occurrence in DPN independent from that on DPN risk itself. 23, 27, 44 Moreover, power was reduced for painful DPN due to the lower prevalence; however, the estimates were smaller for painful DPN than DPN. We did not observe an association between body height and DPN, although it has been proposed that tall stature is a risk factor for peripheral neuropathy due to increased nerve length and nerve surface area. 9 Surprisingly, we observed that DPN was negatively associated with age. Increasing age is generally a marker of longer diabetes duration; however, the DD2 enrolls patients with type 2 diabetes around time of diabetes diagnosis. A younger age at time of diagnosis is a marker of a worse phenotype, 5 which may explain our observation of a negative association of age and DPN. Moreover, nonresponders were in general younger, and we cannot exclude that part of the age association may be explained by a responder bias if nonresponders have DPN to a lesser extent than responders.
Our observation that painful DPN was associated with lower QoL and symptoms of depression, anxiety, and poor sleep is consistent with previous studies of diabetes. 7, 35, 38 However, we also observed a tendency towards that DPN itself was associated with worse mental health independent of neuropathic pain, which has been observed in some 4, 11 but not all studies, 38 and we even observed that DPN itself (MNSIq-defined) had a stronger association with worse mental health outcomes than neuropathic pain. In accordance, the correlation between pain intensity and mental health outcomes was weak. The effect of DPN and painful DPN on mental health measures was additive, and thus, those Table 4 The estimates of the association between neuropathy and clinical characteristics among the 5249 patients with information on status of both possible DPN (defined by MNSIq) and possible painful DPN (defined by DN4 and pain location in both feet). 11 In concert with other studies, many of the patients in all 3 neuropathy groups had complaints of general pain (eg, back and neck pain, headache, and stomachache). 21, 35 The effect size of general pain in 2 bodily localizations on QoL, depression, anxiety, and sleep scores was of a similar order of magnitude as that of DPN and painful DNP. Patients with possible DPN and painful DPN more often had pain at other locations than the group without any DPN, also suggesting that positive answers to the MNSIq and pain in the feet could be due to other causes than DPN. A large proportion (3/4) of the patients with painful DPN reported neuropathic pain of moderate to severe intensity (NRS $4) and 60.1% reported use of pain medication. This is similar to results published before. 7, 21 Pain intensity was positively correlated with symptoms of anxiety, depression, and sleep disturbance. The fact that many of the patients had moderate to severe pain intensity despite taking drugs for their pain may indicate either inappropriate treatment or a lack of effective neuropathic drug treatments. 16 The main strength of this questionnaire study is the large sample size, the high response rate (85.6%), and the low level of missing data. Reassuringly, similar estimates of the prevalence were observed across questionnaire intervals.
The DD2 cohort enrolls patients from primary care and hospital outpatient clinics. Since around half of the patients have been enrolled from hospital outpatient clinics, the DD2 cohort may hold patients with more severe diabetes than the average type 2 diabetes population in Denmark. However, baseline data from the DD2 cohort are similar to data from a cohort of type 2 patients receiving their first glucose-lowering drug indicating that the DD2 cohort is representative of recently diagnosed type 2 diabetes patients in Denmark. 10, 36 The cross-sectional design of this study has some innate limitations including the inability to determine temporal relationships. Finally, we lack information on other diabetes complications and comorbidity, which can affect QoLrelated outcome measures.
In conclusion, in this largest questionnaire study of possible DPN in recently diagnosed type 2 diabetes patients, a significant proportion of patients had possible DPN and possible painful DPN. The presence of possible DPN was associated with female sex, longer diabetes duration, higher BMI, and smoking, whereas smoking was the only factor clearly associated with painful DPN. Patients with possible DPN and painful DPN reported lower QoL and more symptoms of anxiety, depression, and poor sleep. Since DPN in recently diagnosed diabetes patients is associated with modifiable risk factors and has major impact on QoL, it is important to carefully screen for this early complication in type 2 diabetes. Table 5 The estimates of the association between neuropathy and quality of life, depression, sleep, and anxiety among the 5249 patients with sufficient information to determine status of both possible DPN (defined by MNSIq) and possible painful DPN (defined by DN4 and pain location in both feet).
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